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(54) Particle detection and embedded vision system to enhance substrate yield and throughput 



(57) The disclosure relates to an apparatus and a 
method for scanning a substrate in a processing system 
(40). A transmitter unit (56) and a receiver unit (58) are 
disposed on a processing system and cooperate to 
transmit and detect energy, respectively. The transmit- 
ter unit is positioned to transmit a signal onto the sub- 
strate surface (37) moving between vacuum chambers 
(44), one of which is preferably a transfer chamber (42) 
of a cluster tool (100). Features disposed on the sub- 
strate surface : which may include particles, devices, al- 



phanumeric characters, the substrate edges, notches, 
etc., cause a scattering or reflection of a portion of the 
signal. The receiver unit is disposed to collect the scat- 
tered/reflected portion of the signal and direct the same 
to a precessing unit (86). Preferably, the transmitter unit 
comprises a laser source and the receiver unit compris- 
es a charged-coupled device (CCD). Preferably, the in- 
vention is integrally positioned in a processing system 
to allow substrate inspection during normal operation 
and provide real-time information. 
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[0001] The present invention relates to a method and 
apparatus for detecting the presence of defects, such 
as particles on a substrate surface. More particularly, 
the invention utilizes a combination of a light source and 
a detector to illuminate a substrate surface and detect 
scattered energy therefrom. 
[0002] Semiconductor processing generally involves 
the deposition of material onto and removal ("etching") 
of material from substrates. Typical processes include 
chemical vapor deposition (CVD), physical vapor depo- 
sition (PVD), etching and others. During the processing 
and handling of substrates, the substrates often become 
contaminated by particulates that can lodge themselves 
in the features of devices formed on substrates. Sources 
of contamination include wear from mechanical motion, 
degradation of seals, contaminated gases, other con- 
taminated substrates, flaking of deposits from process- 
ing chambers, nucleation of reactive gases, condensa- 
tion during chamber pumpdown, arcing in plasma cham- 
bers and so forth. As the geometries of device features 
shrink, the impact of contamination increases. Thus, 
current semiconductor manufacturing routinely includes 
inspection of substrates for particles to identify "dirty' 
processes or equipment. 

[0003] In general, there are two commercial methods 
for detecting particle contamination on a substrate sur- 
face, one being an X-Y surface scan and another being 
a rotary type scan. In each case, an actuating mecha- 
nism, or stage, is used to move a substrate relative to 
light sources, such as laser diodes. Figure 1 is a per- 
spective view of an exemplary inspection apparatus 1 0. 
A substrate 11 is positioned on a stage 13 capable of 
moving in an X-Y plane. In the case of a rotary type in- 
spection device, the stage 1 3 is also capable of rotation 
about an axis. A light source 1 2 emits light beam 14 onto 
the substrate 11 and irradiates the surface. The light 
beam 14 is focused as a spot by condenser lens 15 to 
define an inspected area of the substrate 11. Particles, 
device patterns, and other protrusions on the upper sur- 
face of the substrate 11 cause the incident light beam 
14 to scatter in various directions, as shown by arrows 
16, according to the light incidence angle and geometry 
of the protrusions. The scattered light 16 is received by 
a collector lens 18 and then transmitted to a detector 20 
positioned in proximity to the substrate 11 . The detector 
20 is typically a Photo-Multiplier Tube (PMT), a charge- 
coupled device (CCD) or other light sensitive detector. 
The detector 20 converts the scattered light 16 into a 
signal corresponding to the detected protrusions on the 
substrate surface. The signal is routed to a processing 
unit 22 to generate data regarding various parameters 
of interest such as the size and location of the detected 
protrusions. This approach, wherein scattered light from 
a surface under observation is detected, is known as 
"Dark Field Illumination." Dark Field Illumination implies 
that only light scattered by protrusions on the substrate 



surface is detected and light which is merely reflected 
by the planar substrate surface is disr garded. 
[0004] One disadvantage with conventional insp c- 
tion systems is the prohibitive size and cost of the sys- 

5 terns. Current systems are typically expensive stand- 
alone platforms that occupy additional clean-room 
space. As a result of the large area, or ■footprint, - re- 
quired by the stand-alone inspection platforms, the cost 
of owing and operating such a system is high. One rea- 

10 son for the size of the inspection systems is the desire 
for highly sensitive equipment capable of detecting sub- 
micron particles. In order to achieve such sensitivity, vi- 
bration due to the various moving components of the 
platform such as the stage, which interfere with the in- 

75 spection techniques, must be eliminated. Thus, the in- 
spection platforms are stabilized using a massive base 
comprising, granite slab, for example, to minimize the 
effects of vibration. To accommodate the wide range of 
motion of the stage and the massive base, conventional 

20 platforms occupy a large footprint in a fabrication facility 
(fab), thereby increasing the cost of operation of the 
overall fab. 

[0005] Another problem with current inspection devic- 
es is the negative impact on throughput, or productivity. 

2S As described above, a stage moves a substrate through 
. an X-Y plane to position the substrate relative to the light 
source. Conventional inspection platforms, such as the 
one in Figure 1 , illuminate only a small portion, or spot, 
on the substrate being inspected. The substrate is then 

30 moved repeatedly by the stage to expose the entire sur- 
face of the substrate to the light source. Consequently, 
conventional platforms drastically increase overhead 
time associated with chip manufacturing. One attempt 
to reduce the overhead time and increase throughput in 

35 a reticle inspection using a stage is shown in U.S. Pat. 
No. 5,663, 569 which utilizes optics capable of shaping 
the light beam into a line, or slit, to allow for single-pass 
inspection. The slit dimensions are adjusted to accom- 
modate the width of the object under inspection so that 

40 the object need only be scanned in a single direction 
once. However, the light source is positioned to oblique- 
ly irradiate the reticle, thereby producing a non-uniform 
spot pattern. Specifically, the light source is offset to one 
side of the reticle such that the reticle moves past the 

45 light source during a scan as opposed to toward or away 
from the light source. As a result, the light produces a 
more intense pattern on the portion of the reticle closer 
to the light source while a less intense pattern is pro- 
duced farther away from the light source. 

so [0006] Throughput is further diminished because the 
current inspection systems are stand-alone platforms 
that require substrates to be removed from the vacuum 
environment of the processing system and transferred 
to the separate inspection platform. Thus, production is 

55 effectively halted during transfer and inspection of the 
substrates. Further, because such an inspection meth- 
od is conducive only to periodic sampling due to the neg- 
ative impact on throughput, many contaminated sub- 
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strates are processed before inspection and detection 
of problems occurs. The problems with substrate in- 
spection can be compounded in cases where th sub- 
strates are redistributed from a given batch making it 
difficult to trace the contaminating source, 
[0007] It would be preferable to have an inexpensive 
in situ inspection method and apparatus incorporated 
into existing processing systems capable of detecting 
particles on substrates. Further, the preferred inspection 
apparatus should be capable of being retrofitted to ex- 
isting processing systems. The inspection apparatus 
should be positioned to allow inspection of each sub- 
strate before and/or after processing. Impact to through- 
put should be minimized by inspecting substrates 'on- 
the-fly" during transfer between typical processing steps 
without the need for a separate inspection platform and 
stage. 

[0008] Another problem with particle detection sys- 
tems is the noise produced by chip patterns formed on 
substrates. During inspection by conventional illumina- 
tion techniques, the patterns act as micro-mirrors caus- 
ing the light to reflect in various directions. As a result, 
the patterns may produce misleading information, i.e., 
the patterns may indicate the presence of foreign parti- 
cles where none are found. In order to allow particle de- 
tection of patterned substrates various methods and ap- 
paratus have been implemented in the art. 
[0009] U.S. Pat. No. 5,463,419, entitled "Method and 
Apparatus for Analyzing the State of Generation of For- 
eign Particles in Semiconductor Fabrication Process," 
provides a method of detecting foreign particles on a 
substrate by "eliminating" the patterns formed on the 
substrate. For example, corresponding portions of ad- 
jacent chips are compared to determine differences. 
The chips are illununated with a light source to cause 
reflection of the light which is detected by detection 
equipment while the substrate is actuated by a conven- 
tional stage. The reflected distribution of light is then 
compared to determine the presence of foreign particles 
on the substrate. The portion of the resulting signals 
which are identical are erased leaving only differences 
in the signals. The differences are assumed to be the 
result of particles on the substrate. 
[0010] While such a method can achieve relatively 
high resolution capable of detecting sub-micron parti- 
cles, the necessary equipment and signal processing 
systems are complex and expensive as well as time- 
consuming because in order to produce high resolution 
detection long scanning times are needed. Further, 
sources of foreign particles can produce large-scale 
particles, therefore, small-scale particle detection may 
not be necessary in cases where catastrophic chamber 
failures occur. By "catastrophic" is meant flaking of ma- 
terial that has accumulated on the chamber surfaces. 
[0011] Therefore, what is needed is a system capable 
of rapidly determining the condition of a substrate in or- 
der to facilitate a subsequent substrate handling deci- 
sion. That is, a preferred detection system would allow 



a quick decision to be made about whether an additional 
and more precise particle detection analysis is neces- 
sary. Preferably, the system would also allow the sub- 
strate inspection to be performed on-the-fly and produce 

s real-time data on each substrate undergoing process- 
ing, rather than just arbitrarily selected substrates from 
a batch. Such a preferred system would maximize the 
system throughput and reduce operating costs by elim- 
inating the need for time-consuming inspection of small- 

10 scale particles and also the cost associated therewith. 
[0012] Therefore, there is a need for an integrated 
particle detection system which allows for on-the-fly 
monitoring and the detection of particles in a processing 
system. 

*5 [0013] The present invention generally provides a 
particle detection apparatus in a processing system. In 
one aspect of the invention, a transmitter unit and a re- 
ceiver unit are disposed on or near a chamber and co- 
operate to transmit and detect energy. The transmitter 

20 unit is positioned to transmit a signal onto a moving sub- 
strate surface. The receiver unit is positioned to collect 
a scattered portion of the signal and direct the same to 
a processing unit. 

[0014] In another aspect of the invention, a transmitter 

25 unit and a receiver unit are disposed on a semiconductor 
processing system and cooperate to transmit and detect 
energy, respectively. The transmitter unit is positioned 
to transmit a signal into a region of the processing sys- 
tem, such as a transfer chamber, and onto a substrate 

30 surface moving therethrough. In one embodiment, the 
signal is transmitted onto a substrate moving through a 
cavity of the transfer chamber and preferably between 
the transfer chamber and an adjacent vacuum chamber. 
A robot preferably located in the transfer chamber or a 

35 front-end environment of the processing system, ena- 
bles movement of the substrate. The receiver unit is dis- 
posed to collect a scattered portion of the signal and 
direct the same to a processing unit. Preferably, the 
transmitter unit and the receiver unit are disposed in a 

40 region external to the processing system. 

[0015] In yet another aspect of the invention, a light 
source and one or more charge-coupled devices (CCD) 
are disposed on or near a chamber and cooperate to 
transmit and detect energy, respectively. The laser 

45 source is positioned to transmit a signal onto a moving 
substrate surface. The CCD is disposed to collect a 
scattered portion of the signal and direct the signal to a 
processing unit. 

[0016] In still another aspect of the invention, a signal 
so is transmitted on a substrate moving in a first direction 
between a first vacuum chamber and a second vacuum 
chamber of a semiconductor processing system or ro- 
tationally within the first chamber Preferably, the first 
vacuum chamber is one of a transfer chamber or a f ront- 
55 end environment and the second vacuum chamber is 
one of a process chamber, a service chamber or a load 
lock chamber. A reflected portion of the signal is re- 
ceived by a receiver unit and subsequently directed to 
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a processing unit for processing. In one embodiment, 
the reflected portion of the signal is reflected by particles 
disposed on the substrate. In another embodiment, the 
reflected p rtion of the signal is r fleeted by alphanu- 
meric characters disposed on the substrate. £ 
[0017] In still another aspect of the invention, a signal 
is transmitted on a substrate moving in a first direction 
between a first and second vacuum chamber of a sem- 
iconductor processing system or rotationally within the 
first chamber. Preferably, the first vacuum chamber is 
one of a transfer chamber or a front-end environment 
and the second vacuum chamber is one of a process 
chamber, a service chamber or a load lock chamber. A 
reflected portion of the signal is received by a receiver 
unit and subsequently directed to a processing unit for 
processing. The processing unit is adapted to read a 
computer-readable program product to generate infor- 
mation pertaining to the substrate. Preferably, the pro- 
gram product is adapted to provide substrate positional 
information, substrate reflectivity information, specular 
information, substrate defect information, substrate 
damage information, particle contamination information 
for the substrate support member and a substrate dis- 
posed thereon, alphanumeric character information, ro- 
bot behavior information, calibration information for a ro- 
bot, a transmitter unit and/or a receiver unit, and any 
combination thereof. 

[0018] In still another aspect of the invention, a meth- 
od of determining the center and/or orientation of a sub- 
strate is provided. A substrate is positioned in a chamber 
having a receiver unit and transmitter unit disposed 
therein. The surface of the substrate is illuminated with 
radiation from the transmitter unit and an image repre- 
sentative of at least an edge portion of the substrate is 
captured by the receiver unit. The image is analyzed to 
determine at least one of the center or orientation of the 
substrate. The substrate surface illuminated may be the 
backside of the substrate or the upper surface of the 
substrate in facing relation to the receiver unit. 
[001 9] So that the manner in which the above recited 
features, advantages and objects of the present inven- 
tion are attained and can be understood in detail, a more 
particular description of the invention, briefly summa- 
rized above, may be had by reference to the embodi- 
ments thereof which are illustrated in the appended 
drawings. 

[0020] It is to be noted, however, that the appended 
drawings illustrate only typical embodiments of this in- 
vention and are therefore not to be considered limiting 
of its scope, for the invention may admit to other equally 
effective embodiments. 

[0021] Figure 11 is perspective view of a prior art in- 
spection apparatus. 

[0022] Figure 2 is a partial perspective view of a 
processing system. 

[0023] Figures 3A-C are top views of the processing 
system of Figure 2 showing various positions of a sub- 
strate disposed on a blade during rotation of the blade. 



[0024] Figure 4 is a top view of the processing system 
of Figure 2 showing a substrate disposed on a blade 
during retraction of the blade. 
[0025] Figure 5 is a plan view of a typical cluster tool 
for semiconductor processing. 
[0026] Figure 6 is a graphical representation of spec- 
ular reflections on a patterned substrate illuminated by 
a light source. 

[0027] Figure 7 is a comparative graphical represen- 
tation of specular reflections on patterned substrates. 
[0028] The present invention generally provides a 
particle detection apparatus in a processing system. A 
transmitter unit and a receiver unit are disposed on or 
near a chamber and cooperate to transmit and detect 
energy. The transmitter unit is positioned to transmit a 
signal onto a substrate surface moving between vacu- 
um chambers. Particles disposed on the substrate sur- 
face cause a scattering of a portion of the signal. The 
receiver unit is positioned to collect and measure the 
scattered portion of the signal and direct the same to a 
processing unit. Preferably, the transmitter unit compris- 
es a light source and the receiver unit comprises a 
charged -coupled device (CCD). 
[0029] Figure 2 is a perspective cutaway of a process- 
ing system 40 of the present invention comprising a 
transfer chamber 42 and a vacuum chamber 44 mount- 
ed thereon (see Fig. 3A). The transfer chamber 42 and 
the vacuum chamber 44 are selectively communicable 
through an aperture 46 which can be sealed by a con- 
ventional apparatus such as a slit valve door (not 
shown). The aperture 46 is sized to accommodate the 
transfer of substrates therethrough. A robot 50 is cen- 
trally disposed in the transfer chamber 42 and compris- 
es a blade 48 coupled to the robot hub 51 by frog-leg 
type linkage 39. The robot 50 enables rotational and ra- 
dial movement of the blade 48 along a transfer plane, 
thereby shuttling substrates between various positions. 
The transfer chamber 42 and the vacuum chamber 44 
are preferably components of a cluster tool 1 00 such as 
the one shown in Figure 5 and described in detail below. 
Thus, the vacuum chamber 44 may be a load lock cham- 
ber providing an interfacing chamber between a front- 
end environment and the transfer chamber 42, while the 
transfer chamber 42 provides a vacuum environment 
communicable with various peripheral chambers. Alter- 
natively, the vacuum chamber 44 may be a process 
chamber. 

[0030] As shown in Figure 2 a transmitter unit 56 and 
a receiver unit 58 are externally mounted to a lid 52 of 
the transfer chamber 42. The transmitter unit 56 in- 
cludes a light source 60 and beam-shaping optics 62 
and is positioned to emit a signal 54 into the cavity 41 
of the transfer chamber 42 via a view port 64. The view 
port 64 comprises an opening formed in the lid 52 and 
is hermetically sealed with plate 66 made of a material 
transparent to the signal 54 of the light source 60. In one 
embodiment, the plate 66 may comprise Pyrex™, for ex- 
ample. In operation, the signal 54 propagates parallel to 
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the x-axis shown in Figure 2 and is directed onto an up- 
per surface of a substrate 37 rotating through the cavity 
41 of the transfer chamber 42. The signal defines a light 
pattern 53 upon falling on the substrate 37. As described 
in detail below, the spot size of the light pattern 53 may 
be varied according the substrate size by adjusting the 
beam shaping optics 62 and the position of the light 
source 60. 

[0031 ] The light source 60 can be, for example, a laser 
source or a broad spectrum light source. In general, the 
light source 60 is selected according scattering intensity, 
brightness and cost. Where a laser source is used, the 
laser source is preferably operable at about 808nm. 
However, other laser sources, such as 650nm or 680nm 
wavelength laser sources, may also be used. 
[0032] In general, the spot size of the light pattern 53 
is substantially determined by the beam-shaping optics 
62 and the position of the transmitter unit 56. The beam- 
shaping optics 62 is selected to provide a spot size ac- 
cording to the dimensions of the substrate. For a 300mm 
substrate, for example, the spot size of the light pattern 
53 is preferably at least 220um (width) x 300 mm (length, 
y-axis) on the upper surface of a substrate. Thus, in op- 
eration, the entire breadth of a 300mm substrate is ex- 
posed to the signal 54 after a single scan. However, it 
is believed that only 60% or more of the substrate need 
be exposed to the signal 54. Typical sources of cata- 
strophic process chamber contamination, such as flak- 
ing (also known as chamber excursions), provide hun- 
dreds of particles that may settle on the processing sur- 
face of a substrate. Successful particle detection re- 
quires only that a portion of the contaminants be detect- 
ed to confirm the presence of a contaminated substrate. 
Thus, monitoring at least 60% of the processing surface 
ensures a substantial probability of detecting a contam- 
inated substrate. 

[0033] Referring still to Figure 2, the receiver unit 58 
is shown mounted in a view port 70 formed in the lid 52 
and defines an optical path 61 toward the substrate 37 
moving through the cavity 41 . The receiver unit 58 is 
secured above an energy transparent plate 72 made of 
a material selected according to the operating wave- 
length of the signal 54 and preferably comprises of the 
same material as the plate 66 disposed in view port 64. 
For example, where the light source 60 is a laser source 
operating at about 808nm, the material for the plates 66, 
72 is selected to accommodate a 808nm signal. The re- 
ceiver unit 5B is positioned to receive a scattered portion 
74 of the signal 54 from the substrate 37 during opera- 
tion. The scattered portion 64 is represented by a mul- 
tiplicity of arrows oriented at various angles relative to 
the upper surface of the substrate 37 and indicates the 
presence of an obstruction, such as particulate contam- 
ination disposed on the upper surface of the substrate 
37. A reflected portion 69 of the signal 54 propagates at 
angle relative to the substrate 37 substantially equal to 
the angle of incidence a. The reflected portion 69 rep- 
resents the portion of the signal 54 substantially unob- 



structed upon intercepting the upper surface of the sub- 
strate 37. 

[0034] The receiver unit 58 includes an optics assem- 
bly 80, comprising one or more lens, and a detector 82. 

5 The detector 82 of the receiver unit 58 preferably com- 
prises a charge-coupled device (CCD) line camera. A 
CCD line camera is a preferred detector due to its high 
immunity to out-of -substrate noise and its ability to pro- 
vide particle coordinates on a substrate. By using a line 

10 CCD the vertical coordinate of each detected particle 
can be determined. However, while CCD detectors are 
preferred, other detectors, including time delay integra- 
tion (TDI) detectors, or PMT's may be used to advan- 
tage. Where a TDI detector is used the spot is adjusted 

is to correspond to the TDI size as is known in the art. 
[0035] The foregoing description for positioning the 
transmitter unit 56 and receiver unit 58 is merely illus- 
trative and other embodiments are possible. For in- 
stance, while Figure 2 shows the transmitter unit 56 and 

20 the receiver unit 58 disposed outside the cavity 41 of the 
transfer chamber 42, in another embodiment the trans- 
mitter unit 56 and the receiver unit 58 are positioned in- 
side the cavity 41 , and thus, under vacuum conditions. 
Additionally, as will be described in detail below, the in- 

2S vention has application other than particle detection 
and, therefore, can be modified accordingly. 
[0036] Together, the transmitter unit 56 and the re- 
ceiver unit 58 comprise an Optical Sensor Assembly 
(OS A). The operation of the OS A is controlled by an 

30 Electronic Processing and Interface Unit (EPlj 86. As 
shown in Figure 2, the EPI 86 is electrically coupled to 
the transmitter unit 56 by an input cable 88 and provides 
command signals thereto and is electrically coupled to 
the receiver unit 58 by an output cable 90 to receive out- 

35 put signals therefrom. Although the microprocessor/ 
controller for the processing system 40 is preferably 
separate from the EPI 86, in one embodiment the EPI 
86 may serve as the control unit for the processing sys- 
tem 40, thereby eliminating the need for an additional 

40 control unit. 

[0037] The EPI 86 may be operated using a computer 
program product comprising a computer code, which 
can be run on a conventional computer The computer 
program can be written in any conventional computer 

4S readable programming language such as, for example, 
68000 assembly language, C, C++, Pascal or Java. 
Suitable program code is entered into a single file, or 
multiple files, using a conventional text editor, and 
stored or embodied in a computer usable medium, such 

so as a memory system of the computer. If the entered 
code text is in a high level language, the code is com- 
piled, and the resultant compiler code is then linked with 
an object code of precompiled windows library routines. 
To execute the linked compiled object code, the system 

ss user invokes the object code, causing the computer sys- 
tem to load the code in memory from which the CPU 
reads and executes the code to perform the tasks iden- 
tified in the program. 
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[0038] Upon initiation by a user, the EPI 86 continues 
to monitor substrates which enter the field of view of the 
receiv r unit 58. If the EPI 86 detects the presence of a 
contaminated substrate, the user may be alerted by a 
warning message displayed on a display unit (not 
shown). Additionally or alternatively, the microproces- 
sor/controller of the processing system 40 can be in- 
structed by the EPI 86 to transfer the substrate to a par- 
ticular location for eventual disposal, cleaning or further 
inspection. 

[0039] The operation of the present invention is illus- 
trated by Figures 3A-C. Figures 3A-C are top views of 
the processing system 40 showing the blade 48 and 
substrate 37 in various positions during rotation through 
the transfer chamber 42. Figure 3A shows the blade 48 
immediately after initiating counter-clockwise rotation 
so that the leading edge 92 of the substrate 37 is posi- 
tioned in the path of the signal 54. Thus, a portion of the 
light pattern 53, represented by the shaded area, is 
shown intercepting the leading edge 92 of the substrate 
37. During the continued rotation of the blade 48, shown 
by Figures 3B-C, the light pattern 53 scans the upper 
surface of the substrate 37. The tight pattern 53 illumi- 
nates particles 75 on the substrate 37 which causes 
scattering of the signal 54. The size of the particles 75 
are typically in the micron range but are shown greatly 
exaggerated for clarity. The scattered portion 74 of the 
signal 54 is then collected by the receiver unit 58. Where 
the detector 82 is a CCD, the scattered portion 64 is fo- 
cused by the receiver optics 80, imaged onto the ele- 
ments of the CCD, converted into an electrical signal 
and transmitted to the EPI 86 for processing. 
[0040] It is understood that the foregoing sequence 
may be performed before and/or after the substrate 37 
undergoes a processing cycle in a processing chamber. 
For example, Figures 3A-C may represent a substrate 
being transferred from a load lock chamber to a process- 
ing chamber. Alternatively, Figures 3A-C may represent 
a processed chamber being transferred to a cooldown 
chamber or being returned to a load lock. 
[0041] While Figures 2 and 3A-C show the preferred 
positioning and operation for the transmitter unit 56 and 
receiver unit 58, other embodiments may be used to ad- 
vantage. In general, the transmitter unit 56 and receiver 
unit 58 may be positioned at any point on the processing 
system 40 where the signal 54 may be directed onto the 
upper surface of a moving substrate and scattered light 
may be detected by the receiver unit 58. Thus, in anoth- 
er embodiment, particle detection is performed during 
retraction or extension of the robot 50 as describe with 
reference to Figure 4. Figure 4 is a top of the processing 
system 40 showing the blade 48 and substrate 37 dis- 
posed thereon during the retraction of the blade 48 from 
the vacuum chamber 44 into the transfer chamber 42 
via the aperture 46. In order to maximize the exposed 
surface area of the substrate 37, the signal 54 preferably 
intercepts the substrate 37 in extreme proximity to the 
aperture 46 as shown in Figure 3A. Such a positioning 



ensures exposure of substantially the entire upper sur- 
face of the substrate after full retraction of the blade 48, 
thereby maximizing the surface area of the substrate 37 
which is scanned by the signal 54. The shaded portion 

5 of the light pattern 53 indicates the portion of the signal 
54 incident on the substrate 37. As the blade 48 contin- 
ues to retract, the substrate 37 is moved through the 
path of the signal 54, thereby exposing the upper sur- 
face of the substrate 37 to the signal 54. Particles 75 

io disposed on the upper surface of the substrate 37 cause 
the signal 54 to scatter, shown by arrows 74. The scat- 
tered portion of the signal 54 is collected by the receiver 
unit 58, converted into an electrical signal and transmit- 
ted to the EPI 86 for processing. Upon complete retrac- 

15 tion of the blade 48, the light pattern 53 is preferably 
radially outward of the trailing edge 98 of the substrate 
37 so that the full surface area of the substrate 37 has 
been exposed to the light pattern 53. 
[0042] The embodiments shown in Figures 3A-C and 

20 4 are merely illustrative. In an alternative embodiment, 
a pair of transmitter units 56 and receiver units 56 may 
be used in combination to monitor a substrate during 
linear motion and rotational motion, respectively. Such 
an arrangement can improve the accuracy of detection. 

2S A person skilled in the art will recognize other embodi- 
ments. Further, while a single surface scan of the sub- 
strate 37 provides a high degree of accuracy relative to 
particle detection, additional methods may be employed 
to enhance detection confidence. For example, the ro- 

30 bot blade 48 may be dithered, or oscillated, so that a 
given particle can be moved into the field of view of an- 
other CCD detector element in the array of elements. 
Detection by multiple elements provides additional cer- 
tainty of the existence and location of the particle. 

35 [0043] Determination of the location of a particle on 
the substrate is made by identifying particular features 
on the substrate or blade. For example, in one embod- 
iment the EPI may be programmed to detect the leading 
edge, /.a, the substrate curvature which first enters the 

40 field-of-view of the receiver unit, and lagging edge, i.e., 
the last curvature to be detected by the receiver unit, 
during linear or rotational movement of the substrate. 
The substrate edges provide reference points which 
may then be used to generate one of two coordinates, 

45 i.e., X and Y because the acquisition rate of the CCD 
detector is known. The acquisition rate refers to the fre- 
quency of image generation during the movement of the 
substrate in the field-of-view of the CCD detector. Pref- 
erably, consecutive image are generated so that no 

50 overlapping or missing portion of the substrate results. 
Thus, the processed output of the CCD detector is a 
"photograph" of the complete substrate surface. The re- 
maining coordinate is determined by where the particle 
is detected on the detector array of the CCD detector. 

55 [0044] The present invention has particular advantag- 
es in a multi-chamber processing system. One exem- 
plary multi-chamber processing system commonly used 
in the semiconductor industry, well suited for supporting 
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the detection apparatus described herein, is known as 
a cluster tool. A cluster tool is a modular system com- 
prising multiple chambers which perform various func- 
tions including substrate center-finding and orientation, 
degassing, annealing, deposition and/or etching. The s 
multiple chambers are mounted to a central transfer 
chamber which houses a robot adapted to shuttle sub- 
strates between the chambers. The transfer chamber is 
typically maintained at a vacuum condition and provides 
an intermediate stage for shuttling substrates from one 
chamber to another and/or to a load lock chamber po- 
sitioned at a front end of the cluster tool. The centralized 
position of the transfer chamber provides an ideal loca- 
tion for a particle detection system. 
[0045] Thus, the transfer chamber 42 and the vacuum 
chamber 44 may each be part of a cluster tool. Figure 
5 is a plan view of a typical cluster tool 100 for semicon- 
ductor processing wherein the present invention may be 
used to advantage. Two such platforms are the Centu- 
ra® and the En dura® both available from Applied Ma- 
terials, Inc., of Santa Clara, California. The details of one 
such staged-vacuum substrate processing system is 
disclosed in United States Patent No. 5,186,718, enti- 
tled "Staged-Vacuum Wafer Processing System and 
Method, 1 Tepman et a!., issued on February 16, 1993, 
which is incorporated herein by reference. The exact ar- 
rangement and combination of chambers may be al- 
tered for purposes of performing specific steps of a fab- 
rication process. 

[0046] In accordance with the present invention, the 
cluster tool 100 generally comprises a plurality of cham- 
bers and robots and is preferably equipped with a mi- 
croprocessor controller 102 programmed to carry out 
the various processing methods performed in the cluster 
tool 100. A front-end environment 104 is shown posi- 
tioned in selective communication with a pair of load lock 
chambers 106. A pod loader 108 disposed in the front- 
end environment 104 is capable of linear and rotational 
movement to shuttle cassettes of substrates between 
the load locks 106 and a plurality of pods 105 which are 
mounted on the front-end environment 104. The load 
locks 106 provide a first vacuum interface between the 
front-end environment 1 04 and a transfer chamber 110. 
Two load locks 106 are provided to increase throughput 
by alternatively communicating with the transfer cham- 
ber 110 and the front-end environment 104. Thus, while 
one load lock 1 06 communicates with the transfer cham- 
ber 1 10, a second load lock 106 communicates with the 
front-end environment 104. A robot 11 3 is centrally dis- 
posed in the transfer chamber 110 to transfer substrates 
from the load locks 1 06 to one of the various processing 
chambers 114 and service chambers 116. The process- 
ing chambers 114 may perform any number of process- 
es such as physical vapor deposition, chemical vapor 
deposition, and etching while the service chambers 116 
are adapted for degassing, orientation, cooldown and 
the like. 

[0047] A number of view ports 120 provide visual ac- 



cess into the transfer chamber 1 1 0. The view ports 1 20 
provide suitable locations for the transmitter unit 56 and 
the receiver unit 58. Arrows 122, 124 indicate points 
where inspection of a substrate may b preformed. Ar- 
rows 122 represent points where the robot blade 126 is 
rotated and arrows 1 24 represent points where the robot 
blade 126 is extended or retracted. The transmitter unit 
56 and receiver unit 58 may be positioned in the view 
ports 120 accordingly as described with reference to 
Figures 2-4. For example, the transmitter unit 56 and 
receiver unit 58 may be secured above the view port 20 
in a position having field of view of the robot blade 126 
entering or exiting the load lock 106. As noted above, 
the use of more than one transmitter unit 56 receiver 
unit 58 pair is also contemplated by the present inven- 
tion. While the foregoing has been described with refer- 
ence a to the transmitter unit 56 and the receiver unit 58 
disposed on the transfer chamber 1 1 0, the invention has 
application at any position in the cluster tool 100 where 
substrate are in motion. Thus, arrows 107 indicate the 
movement of substrates through other locations in the 
cluster tool 100 which provide additional inspection 
sites. 

[0048] The foregoing embodiments provide a detec- 
tion apparatus and method capable of detecting the 
presence of particles on substrates on-the-fly and in 
situ. In situ, on-the-fly detection eliminates the need for 
conventional stand-alone inspection platforms compris- 
ing dedicated actuating mechanisms such as the stage 
1 3 shown in Figure 1 . The present invention uses to ad- 
vantage components typically included in any conven- 
tional processing system, such as the robot 50 (shown 
in Figures 2-4), to enable a stageless inspection system. 
Particle detection is performed at various positions in a 
processing system during normal and necessary oper- 
ation sequences without transferring the substrates to 
a separate stand-alone inspection platform, thereby 
minimizing the impact on throughput. Consequently, 
each substrate entering or exiting the process system 
can be inspected, thereby achieving a significant im- 
provement over prior art wherein only periodic sampling 
was possible due to the negative effect on overhead 
time. Further, the use of conventional features such as 
view ports and transfer robots facilitates retrofitting the 
present invention to existing systems without the need 
for expensive re-machining procedures. 
[0049] For simplicity, the foregoing has been directed 
toward particle detection on unpatterned substrates 
having substantially smooth planar surfaces. On unpat- 
terned substrates, light from the light source 60 (shown 
in Figure 2) is scattered only upon striking a particle. 
Patterned substrates however include topological vari- 
ances that can cause scattering of incident light, thereby 
falsely indicating the presence of a particle. Thus, where 
patterned substrates are to be examined, the invention 
utilizes a unique signature produced by illuminating 
each substrate in order to differentiate between sub- 
strates. The unique signature is the result of the patterns 



15 



20 



25 



30 



35 



40 



45 



50 



13 



EP 1 083 424 A2 



14 



formed on the substrate. Because the topology due to 
patterns of substrates that undergo a particular process 
is substantially repetitive, the signature will be unique 
for each of the substrates. Thus, the unique signature 
may be stored in a memory and used to compare sur- s 
face conditions of substrates during production. 
[0050] Figure 6 represents a scan of 3 million data 
points showing the specular "signature" 150 for a cali- 
bration substrate scanned according to the techniques 
described above. The number of occurrences (y-axis), 
or readings by the detection equipment, at a particular 
intensity (x-axis)are plotted. Subsequently, two different 
test substrates were scanned in a similar manner result- 
ing in two separate and distinct spectral signatures. To 
determine the relative conditions of the surfaces of the 
substrates, the signatures for the two test substrates 
were compared to the signature 150 for the calibration 
substrate. The graphs 152, 154 shown in Figure 7 are 
the result of subtracting the number of occurrences at a 
given intensity for the calibration substrate from the 
number of occurrences at the same given intensity for 
the two test substrates. Thus, a first graph 152 repre- 
sents the difference in the recorded output of the detec- 
tion equipment between the first test substrate and the 
calibration substrate and shows little variation. A second 
graph 154 represents the difference in the recorded out- 
put of the detection equipment between the second test 
substrate and the calibration substrate and shows a sig- 
nificant variation, indicating a difference in the surface 
conditions of the compared substrates. 
[0051] Thus, the invention provides an efficient and 
effective method of comparing substrate surface condi- 
tions on-the-fly in a processing system. In production, 
the invention is a viable method of determining whether 
production should be halted and a particular substrate 
should be examined more carefully for contamination or 
defects. Only selected substrates need undergo addi- 
tional particle detection, thereby minimizing the impact 
to throughput. 

[0052] In addition to particle detection, a preferred de- 
vice would be capable of performing other functions typ- 
ically performed in a processing chamber and inspec- 
tion chamber in order to increase throughput and de- 
crease operating cost. In the production of devices it is 
necessary to determine various characteristics of a sub- 
strate of which particle contamination is only one. For 
example, substrate characteristics such as discontinui- 
ty, (the presence of fractures and other structural de- 
fects) are important to identify potential problems which 
may affect the efficient operation of a system and lead 
to increased cost of operation due to damaged sub- 
strates. Additionally, substrate centerfinding and orien- 
tation are often necessary steps during processing to 
generate positional information regarding substrates. In 
conventional systems such procedures are performed 
at designated locations in the processing system. Thus, 
a substrate must be shuttled to the designated locations 
in order to undergo each procedure, thereby decreasing 



throughput. Further, because such tests are typically 
performed only periodically on an arbitrary substrate, 
many substrates may be damaged befor a problem is 
identified. 

[0053] Another situation which can cause increased 
processing costs is improper substrate routing. Occa- 
sionally, a substrate may be improperly routed to a proc- 
ess chamber where the processing conditions cause a 
volatile reaction, thereby damaging the substrate and/ 
or the processing chamber. Because current processing 
systems are not equipped to prevent misrouting, the 
cost of operation is increased. 
[0054] Thus, what is needed is a "gate-keeper* appa- 
ratus and method capable of examining a substrate for 
selected characteristics which include particles, orien- 
tation, centerfinding, reflectivity, substrate type, discon- 
tinuity, etc. Preferably, such an inspection can be per- 
formed prior to entry into a process chamber as well as 
exit from the process chamber, thereby determining real 
time pre- and post-processing conditions of the sub- 
strate. 

[0055] Other functions routinely performed in conven- 
tional processing systems and inspection systems in- 
clude calibration of robots and the inspection equip- 
ment. Current methods of calibration negatively impact 
throughput because the system must be halted and 
opened in order to perform the calibration. A preferred 
processing system would allow for an integrated, or em- 
bedded, device capable of performing these various 
tasks in an integrated location and on-the-fly. Thus, the 
processing system could be further integrated and 
throughput can be increased. In addition, it would be 
preferable for such an integrated arrangement to be ca- 
pable of monitoring robot behavior. Robot behavior of 
interest includes acceleration, speed, repeatability, sta- 
bility, etc. A system adapted to monitor such robot char- 
acteristics would provide an apparatus and method to 
ensure consistent robot behavior regardless of the par- 
ticular system in which the robot is implemented. Addi- 
tionally, it would be preferable for such an integrated de- 
vice to determine the presence of contamination on the 
robot blade which supports substrates during transfer. 
The presence of such contamination indicates that the 
backsides of substrates are being scratched during a 
substrate handling step. Heretofore, however, no such 
devices or methods has been known. 
[0056] The inventors have discovered that the inspec- 
tion device described herein can be adapted to perform 
numerous other inventive uses needed in processing 
systems such as those just described, e.g., the deter- 
mination of selected substrate characteristics including 
reflectivity, substrate type, discontinuity, orientation and 
centerfinding, as well as performing calibration of robots 
and the inspection equipment and monitoring robot be- 
havior. The following discussion provides various em- 
bodiments for the present invention but is not intended 
to be exclusive, as those skilled in the art will readily 
recognize other possible mbodiments. 
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[0057] In one embodiment, the invention determines 
the substrate type. As noted above, the pattern of sub- 
strates provides a unique signature. Accordingly, the in- 
vention may be used to recognize substrates based on 
their pattern by scanning the substrate in the manner 
described above and transmitting the received signal to 
the EPI 86 for processing. The scanned pattern is then 
compared to stored signatures to determine the sub- 
strate type. Such an application provides the ability to 
detect a substrate that may have been mis routed 
through the system. For example, the OSA could detect 
and reject a substrate with photoresist which have been 
routed to a physical vapor deposition (PVD) chamber, 
thereby preventing potential damage to a process 
chamber and the substrate. In addition, recognition of 
the substrate pattern can be used to automatically 
change the process recipe according to the substrate 
type. 

[0058] Further, the invention can be used to deter- 
mine process uniformity, smoothness and substrate 
damage or defects, such as discontinuity (structural de- 
fects of the substrate due to thermal migration, for ex- 
ample, which may lead to portions of the substrate 
breaking off). In operation, the OSA and EPI 86 can be 
employed to generate a map of the substrate topology. 
The map can then be analyzed for texture characteris- 
tics such as planarity and uniformity. In addition, any 
substrate damage or defect, such as chips or fractures 
may be detected and mapped. Analysis can be en- 
hanced by use of a color CCD detector. 
[0059] Another substrate characteristic which may be 
determined, is the reflectivity of the substrate. Informa- 
tion regarding reflectivity can be used to determine 
whether certain process conditions have been success- 
fully achieved, such as the endpoint of an etch process. 
Because the endpoint information is available in near 
real-time, i.e., substantially contemporaneously with the 
end of the process, and proximate the processing cham- 
ber, an under-processed substrate may be immediately 
returned for additional processing. Conventionally, sub- 
strates are taken to a remote location for endpoint ex- 
amination. A subsequent determination that a substrate 
is under-processed typically results in the substrate be- 
ing discarded because the time involved in returning the 
substrate for additional processing is cost prohibitive. 
[0060] In another embodiment, the invention provides 
for Optical Character Recognition (OCR). OCR refers to 
the detection and processing of alphanumeric charac- 
ters through video imaging. Substrates are often identi- 
fied by characters which are typically inscribed on the 
substrate surface. The transmitter unit 56 and the re- 
ceiver unit 58 of the present invention provide an appa- 
ratus capable of illuminating and detecting the charac- 
ters and then directing a signal to the EPI 86 for process- 
ing. In operation, a substrate is scanned in the manner 
described above. During the scan the signal 54 will 
strike the characters on the substrate and be reflected 
according to the geometry of the characters. As with sig- 



nal reflection by patterns, described above with refer- 
ence to Figure 6, the reflection is unique to the particular 
arrangement and configuration of the characters. Thus, 
the resulting signal can be compared to stored data rep- 

s resenting previously scanned characters. 

[0061] In another embodiment, the invention is used 
to determine a substrate's orientation and center. Ori- 
entation and center-finding are necessary to ensure 
proper positioning of the substrate in a chamber for par- 

10 ticular processes. For example, etching involves the use 
of a mask to cover certain portions of the substrate sur- 
face. In order to position the mask on the appropriate 
portions of the substrate the orientation of the substrate 
must first be determined. The patterned surface of a 

15 properly oriented substrate on the blade provides a 
unique signature (as described above with reference to 
Figure 6) which can be stored in a computer system 
such as the EPI 86. Thus, the present invention can be 
used to verify the signature. As a substrate is moved 

20 into the optical path 61 of receiver unit 58, the receiver 
unit 58 determines whether the signature is correct. If 
the signature is verified the conventional orientation task 
can be bypassed, thereby increasing throughput. 
[0062] Substrate center-finding currently employs the 

25 use of one or more sensors to determine the center of 
a substrate. Use of the present invention enables sub- 
strate center-finding capability, thereby eliminating the 
need for additional sensors. Additionally, the compo- - : 
nents of the invention may be located outside of the vac- 

30 uum environment of a processing system, thereby elim- 
inating outgassing problems associated with conven- 
tional arrangements. During operation of the invention, 
asubstrate is illuminated and scanned by the OSA (/.a, 
the transmitter unit 56 and the receiver unit 58) during 

35 the retraction, extension, and/or rotation of the blade. 
Thus, the diameter and, therefore, the center, of the sub- 
strate can be determined by the EPI 86. For example, 
as a substrate is moved into the path of the signal 54, 
the leading edge of a substrate is detected due to re- 

40 fleeted light. Once the substrate passes through and be- 
yond the signal 54, the receiver unit 58 ceases to detect 
a signal. The time between initial detection of a signal 
54 and ceasing detection is recorded. For a known robot 
speed, the recorded time may be used to calculate the 

45 diameter of the substrate. If the substrate is determined 
not to be centered relative to a calibrated value, an ad- 
justment is made to the destination coordinate of the ro- 
bot 50 to correct the offset. It is understood that the par- 
ticular method of calculating the substrate center is not 

50 limiting of the invention and people skilled in the art will 
recognize other possibilities. For example, in another 
embodiment, detection of the leading and lagging edges 
of a substrate, as described above, may be associated 
with the encoder value of the robot 50 at the time of de- 

55 tection. The encoder values can then be compared to 
calibrated values for substrates of the same diameter to 
determine any offset that must be accommodated. 
[0063] In another embodiment, a substrate's orienta- 
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tion and center can be found while the substrate is po- 
sitioned in a chamber, such as a coot down chamber, a 
degas chamber, or any other chamber of a processing 
system such as the one shown in Figure 5. Center find- 
ing and orientation can be simultaneously done by po- 
sitioning the substrate in the field of view of the receiver 
unit 58. The receiver unit 58 may be mounted in a view 
port of the chamber or in any other position wherein the 
receiver unit 58 can capture a substantial portion of the 
substrate in its field of view. In this manner, the chamber 
acts both as an area for analysis of the substrate as well 
as performing a processing function such as cooling or 
degassing. As a result, analysis can proceed without af- 
fecting the throughput of the processing system. The 
transmitter unit 56, rather than providing line-illumina- 
tion as in the foregoing embodiments, is adapted to pro- 
vide annular illumination about the perimeter of the sub- 
strate. Thus, the transmitter unit 56 may be a light-ring 
taking the form of a fiber optic-based light-ring, such as 
those commercially available from Fostee of Auburn, 
New York, and especially configured for machine vision 
and microscopy application. In one embodiment, the 
transmitter unit 56 is disposed at an upper end of the 
chamber opposite the substrate being examined. Thus, 
the side of the substrate facing the receiver unit 58 may 
be illuminated by the transmitter unit 56. 
[0064] During operation, the substrate is positioned 
against a uniform background in the chamber. The 
transmitter unit 56 then illuminates the surface of the 
substrate and the uniform background. The illumination 
provides an image which is captured by the receiver unit 
58. The image is then transmitted to the EPI 86 for 
processing. Analysis of the image by the EPI 86 is ac- 
complished by identifying a contrast in optical density. 
A change in contrast can be identified by comparing the 
optical density of one area of the image to optical density 
of another area of the image. Because the substrate is 
positioned against a uniform background, analysis of 
the image taken by the receiver unit 58 will indicate a 
marked density contrast between the substrate and the 
uniform background. Thus, by analyzing contrast 
changes along the line or several lines of pixels the di- 
mension and shape of the substrate can be determined. 
In addition, analysis of the entire image provided by the 
receiver unit 58 will map the substrate perimeter indicat- 
ing the position of an orientation notch. In this manner, 
the center and the orientation of the substrate can be 
found simultaneously. 

[0065] "Optical density contrast" refers to the change 
in contrast of the image received by the ESI 86 due to 
illumination of varying surfaces. Different surfaces (in 
the case the substrate and the background surface) pro- 
duce different spectral results when illuminated, as de- 
scribed above with regard to spectral signatures. Such 
spectral variations can be analyzed by the EPI 86 to de- 
termine the dimensions of the substrate being illuminat- 
ed. 

[0066] In another embodiment wherein the transmit- 



ter unit 56 is a light-ring, the transmitter unit 56 may be 
placed to illuminate the back side of the substrate. Ac- 
cordingly, the transmitter unit 56 is sized to have an inner 
diameter slightly I ss than the diameter of the substrate 

s and the outer diameter slightly greater than the diameter 
of the substrate. As a result, the illuminating radiation of 
the transmitter unit 56 is provided to a perimeter portion 
of the back side of the wafer. While the substrate blocks 
a portion of the illuminating radiation from the receiver 

10 unit 58, a portion of the radiation outside the diameter 
of the substrate is visible to the receiver unit 58, thereby 
enhancing optical density contrast at the substrate 
edge. The resulting image provides a relatively darker 
area corresponding to the area occupied by the sub- 

15 strate. 

[0067] For contrast analysis, the receiver unit 58 is 
preferably a two-dimensional CCD pixel array camera 
having lateral and vertical fields of view that span mul- 
tiple pixels. In this manner, the acquired images provide 
20 multiple pixel rows and columns for quantification of a 
substrate's dimensions. 

[0066] A contrast analysis, as described herein, can 
be implemented using well known machine vision tech- 
niques and commercially available systems for execut- 
es jng the same. For example, machine vision systems ca- 
pable of implementing contrast analysis techniques are 
available from Cognex Corporation of Matick, Massa- 
chusetts. An example of a suitable machine vision sys- 
tem is the Cognex MVS 8000 series system, which in- 
30 eludes a set of PC-based machine vision hardware and 
software tools. With such a system, the images can be 
analyzed on a pixel by pixel basis to evaluate optical 
density differences. 

[0069] Accordingly, the invention provides an appara- 

35 tus and method for generating real-time information 
about selected characteristics of a substrate. Substrate 
inspection is preferably performed before and after 
processing. A preferred operation of the invention may 
be understood with reference to Figure 5. Upon transfer 

40 of a substrate from the transfer chamber 1 1 0 into a proc- 
ess chamber 114 or service chamber 116 by the robot 
11 3, the invention preferably operates to scan the sub- 
strate in the manner described above. The result of the 
scan then produces information regarding substrate 

45 type, orientation, centerfinding, discontinuity, specular 
signature and presence of particles. Following process- 
ing, these same characteristics may be determined dur- 
ing the retraction of the substrate from the processing 
or service chamber. Additionally, a determination may 

50 be made regarding the process results. For example, 
the reflected signal from the substrate scan may be used 
to generate information on process uniformity and the 
process endpoint in the manner described above. 
[0070] Thus, the invention provides real or near real- 

55 time pre- and post-processing information regarding 
characteristics of a substrate. Because the information 
is real-time an immediate cost efficient decision can be 
made about how to handle the substrate. Further, be- 
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cause each substrate may be inspected, as opposed to 
selected substrates from a batch, the information can 
be used to rectify identified problems with minimal dam- 
age to substrates and the processing environment. 
[0071] In addition to inspecting a substrate, the inven- 
tion is also adapted for calibration and health monitor- 
ing. In one embodiment, the invention may be used to 
calibrate the detection devices. Because the illumina- 
tion and detection optics of the invention will not be uni- 
form, the operation must be normalized. Normalization 
will be accomplished in the following way. When the 
OSA (the transmitter unit 56 and the receiver unit 58) is 
first installed, a substrate will be placed upside down on 
a robot blade. The robot blade will then move the sub- 
strate under the receiver unit 58. During the rotation of 
the blade both peak-to-peak and root-mean-square 
(RMS) measurements are made for each element of the 
detector 82. A comparison is then made between the 
average reading of each detector element to determine 
the correction factors necessary to normalize the sys- 
tem. Subsequently, the substrate is removed and the 
solid portion of the robot blade {i.e., excluding holes and 
edges) is then scanned in a similar fashion. The peak- 
to-peak and average for each detector element is then 
compared to the normalized correction factors to deter- 
mine the blade correction factors. With the blade nor- 
malization factors in place, the blade can act as a resi- 
dent calibration reference. Thus, the OSA can monitor 
the empty blade during normal operation to determine 
if the optics 62, 80 are functioning property. If the optics 
62, 80 are contaminated, or a detector element of the 
detector 82 degrades, it will be detected by the foregoing 
background test. 

[0072] Additionally, contamination disposed on the 
surface of the blade 48 is also detected by the test de- 
scribed in the foregoing embodiment. Contamination on 
the blade 48 indicates that the backsides of substrates 
are being scratched at some point during the handling 
of the substrate. Thus, if contamination is detected on 
the blade, the system can be hatted for inspection, 
thereby preventing further contamination to the 
processing environment. 

[0073] In another embodiment, the OSA facilitates ro- 
bot calibration. The processing system robots, such as 
the transfer chamber robot 50, periodically require cali- 
bration in order to ensure proper orientation and align- 
ment. Because the OSA is mounted at a fixed location 
on a processing system, the OSA can provide a point of 
reference for the transfer chamber robot calibration. 
Once the blade normalization factors have been deter- 
mined, as described above, the blade features can be 
detected to verify the robot position and proportional, 
integral and differential (PID) values. Sufficient variance 
between the detected position values and the calibrated 
position values stored by the EPI 86 indicates misalign- 
ment of the blade. The misalignment can be corrected 
by "homing" the robot according to the stored values. 
[0074] The invention also enables monitoring of robot 



behavior. As the robot blade is rotated through the op- 
tical path 61 (shown in Figure2) of the receiver unit 58, 
the blade edge nearest to the center of rotation will enter 
into the optical path 61 first. This edge wilt then enter 

s the fie Id-of -views (FOVs) of each detector element suc- 
cessively at a rate which is determined by the blade ve- 
locity. This allows the OSA to independently monitor the 
behavior of a robot including characteristics such as set- 
tling time, accelerations and stability can be measured/ 

10 monitored. The collected data can be used to manually 
or automatically set the PID parameters of the robot. 
[0075] Various other possible applications are not dis- 
cussed here in detail. For example, the invention may 
be used to detect the presence of a substrate on a robot 

*5 blade as well as determining whether the substrate is in 
a blade clamp used to secure the substrate during the 
movement of the blade. Those skilled in the art will rec- 
ognize other applications contemplated by the present 
invention. 

20 [0076] Thus, the invention facilitates the integration of 
numerous functions currently achieved by different 
components in a typical cluster tool. One or more single 
transmitter units 56 and receiver units 58 advanta- 
geously positioned, such as in a transfer chamber, can 

25 perform multiple functions including center-finding, ori- 
entation, particle inspection, damage inspection, robot 
behavior monitoring, etc. While such tasks are currently 
not preformed or are performed at various positions of 
the processing platform and require dedicated equip- 

30 ment, the invention provides a multi-purpose apparatus 
capable of achieving a higher level of system integration 
and reducing the system operating costs. By performing 
the substrate scanning methods described above on- 
the-fly, i.e., during necessary substrate transfer se- 

35 quences, the impact to system throughput is minimized. 
[0077] Which tasks are performable on a substrate is 
determined by a program product readable by the EPI 
86. Preferably, the program product is software reada- 
ble by the EPI and includes code to generate at least 

40 substrate positional information, substrate reflectivity in- 
formation, specular information, substrate defect infor- 
mation, substrate damage information, particle contam- 
ination information for smooth and patterned substrates, 
particle contamination information for the robot blade, 

45 alphanumeric character information, robot behavior in- 
formation, calibration information for the robot and the 
detection devices and any combination thereof. It is un- 
derstood that the foregoing list is merely illustrative and 
other functions may be performed by the invention. 

so [0078] While the foregoing is directed to the preferred 
embodiment of the present invention, other and further 
embodiments of the invention may be devised without 
departing from the basic scope thereof, and the scope 
thereof is determined by the claims that follow. 

55 
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Claims 

1. A stageless substrate inspection apparatus, com- 
prising: 

(a) a first chamber; 

(b) one or more second chambers disposed in 
selective communication with the first chamber, 
wherein the first chamber and one or more sec- 
ond process chambers are components of an 
integrated processing system; 

(c) a transmitter unit including a light source po- 
sitioned to transmit a signal into the first cham- 
ber; 

(d) a robot disposed in the first chamber, com- 
prising a substrate support member positioned 
in the one or more second chambers and posi- 
tionable to intersect the signal; and 

(e) a receive unit including a signal detector po- 
sitioned to receive a scattered portion of the 
signal. 

2. An apparatus as claimed in claim 1 , wherein at least 
one or the first chamber and one or more second 
chambers comprises a vacuum chamber. 

3. An apparatus as claimed in claim 1 or claim 2, 
wherein the signal is transmitted to intercept a sub- 
strate supported on the substrate support member 
and moving through the first chamber. 

4. An apparatus as claimed in any of claims 1 to 3, 
wherein the light source is selected from the group 
comprising a coherent light source, a broad spec- 
trum light source and a laser source. 

5. An apparatus as claimed in any of claims 1 to 4, 
wherein the signal detector comprises a charge- 
coupled device (CCD) detector. 

6. An apparatus as claimed in any of claims 1 to 6, 
further comprising a processing unit coupled to the 
receiver unit and comprising one or more computer- 
readable programs adapted to generate informa- 
tion pertaining to the condition of the substrate. 

7. An apparatus as claimed in claim 6, wherein the in- 
formation pertaining to the condition of the sub- 
strate comprises substrate positional information, 
substrate reflectivity information, specular informa- 
tion, substrate defect information, substrate dam- 
age information, particle contamination information 
for the substrate support member and a substrate 
disposed thereon, alphanumeric character informa- 
tion, robot behaviour information, calibration infor- 
mation for the robot and transmitter unit and receiv- 
er unit, and any combination thereof. 



8. An apparatus as claim d in claim 7, wh rein the 
substrate positioned information includes a center 
point of a substrate and an orientation of the sub- 
strate relative to the substrate support member. 

s 

9. A semiconductor processing system, comprising: 

(a) a chamber selected from a group compris- 
ing a transfer chamber and a front-end environ- 
to ment; 

(b) a plurality of vacuum chambers disposed in 
selective communication with the chamber; 

(c) a transmitter unit comprising a beam-shap- 
ing optics assembly and a light source posi- 
ts tioned to transmit a signal into chamber; 

(d) a robot disposed in the chamber comprising 
a substrate support member positionable in 
one or more of the plurality of vacuum cham- 
bers and positionable to intersect the signal; 

20 and 

(e) a receiver unit including a signal detector 
positioned to receive a reflected portion of the 
signal. 

25 10. A system as claimed in claim 9, wherein the plurality 
of vacuum chambers comprises at least one load 
lock in selective fluid communication with the cham- 
ber and one or more of a processing chamber and 
a service chamber. 

30 

1 1 . A system as claimed in claim 9 or claim 1 0, where in 
the beam-shaping optics assembly is adapted to 
provide a spot size having a length substantially 
equal to a diameter of a substrate positioned on the 

35 substrate support member. 

1 2. A system as claimed in any of claims 9 to 1 1 , where- 
in the light source is selected from the group com- 
prising a coherent light source, a broad spectrum 

40 light source and a laser source. 

1 3. A system as claimed in any of claims 9 to 1 2, further 
comprising a processing unit coupled at least to the 
signal detector for receiving and processing the re- 

45 fleeted portion of the signal. 

1 4. A system as claimed in any of claims 9 to 1 3, where- 
in the signal detector comprises a CCD detector. 

50 15. A system as claimed in claim 14, wherein the re- 
ceiver unit further comprises an optics assembly 
adapted to image the reflected portion of the signal 
on the CCD detector. 

55 1 6. A system as claimed in any of claims 8 to 1 5, further 
comprising a processing unit coupled to the receiv- 
er unit and comprising one or more computer-read- 
able programs adapted to generate information per- 
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taining to the condition of the substrate. 

17. A system as claimed in claim 1 6, wherein the infor- 
mation pertaining to the condition of the substrate 
comprises substrate positional information, sub- 
strate reflectivity information, specular information, 
substrate defect information, substrate damage in- 
formation, particle contamination information for the 
substrate support member and a substrate dis- 
posed thereon, alphanumeric character informa- 
tion, robot behaviour information, calibration infor- 
mation of the robot and transmitter unit and receiver 
unit, and any combination thereof. 

18. A system as claimed in claim 17, wherein the sub- 
strate positional information includes a center point 
of a substrate and an orientation of the substrate 
relative to the substrate support member. 

19. A semiconductor processing system, comprising: 

(a) a transfer chamber, comprising: 

(i) a body; and 

(ii) a lid disposed on the body to define an 
evacuable cavity, wherein the lid includes 
a plurality of opening formed therein sealed 
with an energy transparent plate; 

(b) a plurality of vacuum chambers disposed in 
selective communication with the transfer 
chamber, including at least one load lock cham- 
ber and at least one processing chamber; 

, (c) a transmitter unit comprising a beam-shap- 
ing optics assembly and a light source posi- 
tioned on the energy transparent plate exter- 
nally to the cavity to transmit a signal into the 
cavity; 

(d) a receiver unit including a signal detector 
positioned on the energy transparent plate ex- 
ternally to the cavity to receive at least a portion 
of the signal; and 

(e) a robot disposed in the transfer chamber 
comprising a substrate support member posi- 
tionable in one or more of the plurality of vacu- 
um chambers and positionable to intersect the 
signal. 

20. A system as claimed in claim 1 9, wherein the beam- 
shaping optics assembly is adapted to provide a spit 
size having a length substantially equal to a diam- 
eter of a substrate positioned on the substrate sup- 
port member. 

21. A system as claim 19 or claim 20, wherein the light 
source is selected from the group comprising a co- 
herent light source, a broad spectrum light source 
and a laser source. 



24 

22. A system as claimed in any of claims 19 to 21, 
wherein the signal detector comprises a CCD de- 
tector. 

b 23. A system as claimed in any of claims 1 9 to 22 ; fur- 
ther comprising a processing unit coupled at least 
to the signal detector for receiving and processing 
the reflected portion of the signal. 

10 24. A system as claimed in any of claims 19 to 23, 
wherein the processing unit comprises one or more 
computer-readable programs adapted to generate 
information pertaining to the condition of the sub- 
strate. 

15 

25. A system as claimed in claim 24, wherein the infor- 
mation pertaining to the condition of the substrate 
comprises substrate positioned information, sub- 
strate reflectivity information, specular information, 

20 substrate defect information, substrate damage in- 
formation, particle contamination information for the 
substrate support member and a substrate dis- 
posed thereon, alphanumeric character informa- 
tion, robot behaviour information, calibration infor- 
ms mation for the robot and transmitter unit and receiv- 
er unit, and any combination thereof. 

26. A system as claimed in claim 25, wherein the sub- 
strate position includes a center point of a substrate 

30 and an orientation of the substrate relative to the 
substrate support member. 

27. A method for scanning a substrate, comprising: 

35 (a) transmitting an optical signal from a region 

external to a vacuum chamber along a first path 
into a vacuum chamber of a multi-chamber 
semiconductor processing system including at 
least one substrate processing chamber; and 
<o (b) moving a support member having the sub- 

strate disposed thereon from a first position to 
a second position in the vacuum chamber 
wherein at least a portion of the substrate is 
moved through the first path, and wherein the 
45 support member is positionable in one or more 

chambers of the multi-chamber processing 
system. 

28. A method as claimed in claim 27, further compris- 
50 ing: 

(c) detecting the presence of a reflected portion 
of the optical signal; and 

(d) determining the presence of one or more 
55 particles disposed on the substrate. 

29. A method as claimed in claim 27 or claim 28, further 
comprising: 
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(c) detecting the orientation of the substrat 
on the support member. 

30. A method as claimed in any of claims 27 to 29, fur- 
ther comprising: 

(c) determining a position of a first edge of the 
substrate; 

(d) determining a position of a second edge of 
the substrate; and 

(e) determining a position of the substrate rel- 
ative to the support member. 

31. A method as claimed in any of claims 27 to 30, 
wherein (b) comprises linearly actuating the sub- 
strate. 

32. A method as claimed in any of claims 27 to 30, 
wherein (b) comprises rotationally actuating the 
substrate. 

33. A method as claimed in any of claims 27 to 32, fur- 
ther comprising: 

(c) detecting the presence of a reflected portion 
of the optical signal; and 

(d) determining substrate positional informa- 
tion, substrate reflectivity information, specular 
information, substrate defect information, sub- 
strate, alphanumeric character information, ro- 
bot behaviour information, calibration informa- 
tion for the robot and transmitter unit and re- 
ceiver unit, and any combination thereof. 

34. A method for scanning a substrate, comprising: 

(a) illuminating a background surface and at 
least an edge portion of a substrate positioned 
in a chamber; and 

(b) acquiring an image of the illuminated portion 
of the substrate. 

35. A method as claimed in claim 34, wherein the illu- 
minated portion of the substrate is one of a backside 
of the substrate or an upper surface of the sub- 
strate. 

36. A method as claimed in claim 34 or claim 35, further 
comprising: 

(c) determining at least one of a center or ori- 
entation of the substrate. 

37. A method as claimed in claim 36, wherein (c) com- 
prises analyzing the optical density contrast of the 
image. 

38. A method for optical character recognition and par- 
ticle detection, comprising: 



(a) transmitting an optical signal along a first 
path into a vacuum chamberof a multi-chamber 
semiconductor processing system including at 
least on substrat processing chamber; 

5 (b) moving a support member having a sub- 

strate disposed thereon from a first position to 
a second position in the vacuum chamber 
wherein at least a portion of the substrate hav- 
ing alphanumeric characters inscribed thereon 

to is moved through the first path, and wherein the 

support member is positionable in one or more 
chambers of the multi-chamber processing 
system; and 

(c) detecting the presence of a first portion of 
15 the signal reflected by the alphanumeric char- 
acters. 

39. A method as claimed in claim 39, further compris- 
ing: 

20 

(d) converting the first portion of the signal into 
data representing the alphanumeric charac- 
ters; and 

(e) comparing the data representing the alpha- 
25 numeric characters with stored data. 

40. A method as claimed in claim 38 or claim 39, further 
comprising: 

(d) detecting the presence of a second portion 
30 of the signal reflected by particles disposed in the 
substrate. 

41. A method tor determining a surface topology of a 
substrate having surface patterns formed thereon, 

35 comprising: 

illuminating the substrate with a signal emitted 
from a light source; 

receiving, at a detector unit, a reflected portion 

40 of the signal; 

generating, at a processing unit, substrate 
specular signature information representing 
specular characteristics of the reflected portion 
of the signal; and 

45 comparing the substrate specular signature in- 

formation to calibrated specular signature infor- 
mation. 

42. A method as claimed in claim 41 , further compris- 
so ing; 

determining whether a different between the 
substrate specular signature information and 
th calibrated specular signature information 
55 exceeds a predetermined value; and 

if the difference exceeds a predetermined val- 
ue, determining that an unacceptable level of 
contamination exists on the substrate. 
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43. A method as claimed in claim 41 or claim 42, where- 
in the generating comprises determining, by the 
processing unit, a first number of data readings at 
a given intensity for a range of intensity values. 

s 

44. A method as claimed in claim 43, wherein the cali- 
brated specular signature information comprises a 
second number of data reading at the given inten- 
sity for the range of intensity values and wherein 
comparing comprises determining a different in the 10 
first number of data reading from the second 
number of data readings. 
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